In the present work, several MEEKC systems are studied to assess their suitability for lipophilicity determination of acidic, neutral and basic compounds. Thus, several microemulsion compositions over a wide range of pH values (from 2.0 to 12.0), containing heptane, 1-butanol and different types and amounts of surfactant (sodium dodecyl sulfate or sodium cholate: from 1.3% to 3.3%) are characterized using Abraham's solvation model. The addition of acetonitrile (up to 10%) is also studied, since it increases the resolution of the technique for the most lipophilic compounds. The system coefficients obtained are very similar to those of the 1-octanol/water, used as the reference lipophilicity index, allowing simple and linear correlations between the 1-octanol/water partition values (log P o/w ) and MEEKC mass distribution ratios (log k MEEKC ). Variations in the ME composition (aqueous buffer, surfactant, concentration of ACN) did not significantly affect the similarity of the MEEKC systems to log P o/w partition.
INTRODUCTION
Lipophilicity is a physicochemical property that it is fundamental to determine in the drug discovery process, because the capacity of a specific compound to penetrate a lipid membrane and reach a proposed target is a key factor for the potential of a drug candidate. The partition ratio between the immiscible phases 1-octanol and water, log P o/w , is the most widely used lipophilicity index; but reference methods are excessively time consuming for screening purposes and require a sample of high-purity. Traditional chromatographic methods may overcome these drawbacks, but most systems lack of a general simple correlation to log P o/w and can be applicable only over a limited pH range due to degradation of the column under extreme acidic and basic conditions.
In 1995, Ishihama and coworkers [1] evaluated the suitability of MEEKC for the lipophilicity determination of neutral compounds. A microemulsion (ME) consisting of 1.44% (w/w) SDS, 6 .49% (w/w) 1-butanol and 0.82% (w/w) heptane in 0.1 M borate-0.05 M phosphate buffer, pH 7.0, was evaluated using phenols and heterocyclic bases (pyrimidines, pyrazines, pyrroles, indoles, and furans) as solutes. The study concluded that the mass distribution ratios obtained by MEEKC in the particular ME assayed were linearly correlated with the reference log P o/w scale, even in the case of compounds with significant hydrogenbond properties. This is a very interesting advantage of MEEKC over other chromatographic techniques, such as reversed-phase liquid chromatography, which requires the experimental determination (or the estimation from computer programs and the consequent loss of accuracy) of hydrogen-bond acidity descriptors [2] [3] [4] . Moreover, in that pioneering study, the ME was considered to be a more reasonable biomembrane model than octanol/water or micellar systems. In fact, both ME and octanol/water are two-phase systems; but in the former the phases are apparently miscible, whereas the principle of log P o/w determination is based precisely on a clearly visible separation between the aqueous and organic phase and the partition of the analytes between them. The oil-in-water ME consisted of heptane droplets dispersed in an aqueous buffer, mainly stabilized by the surfactant sodium dodecyl sulfate (SDS), but also by the cosurfactant 1-butanol. The surfactants coat the heptane droplets and lower the surface tension between oil and water, allowing the formation of a thermodynamically stable single-phase solution [5] .
MEEKC is indeed a very interesting technique for studying compounds of biological interest, with a broad field of applications besides lipophilicity determination including chiral separations. For further details of recent developments and applications of MEEKC, readers can refer to the reviews published by Altria and coworkers [6] [7] [8] [9] . As in conventional F o r P e e r R e v i e w chromatography, the characteristic parameter of the partition of analytes between the mobile and the pseudo-stationary oil phase in the ME is the logarithm of the mass distribution ratio (log k MEEKC ), defined as [10] :
where t R and t EOF are the migration times of the analyte and the EOF marker (e.g. DMSO), respectively. t ME is the migration time of the ME marker: a highly lipophilic analyte that remains in the oil phase during the entire run since it is not expected to partition into the aqueous phase (e.g. dodecanophenone, with a calculated log P o/w of 6.87 [11] ).
As indicated above, both MEEKC and traditional techniques to measure log P o/w are based on the partition of the solute between two phases. The questions to be addressed are just how similar they are, and how can changes in the ME composition affect the system properties, and thus the similarity with log P o/w partition. A very suitable tool to address these questions is the solvation parameter model developed by Abraham, which relates a solvation property (SP), in our case the log P o/w or the log k MEEKC , with the sum of specific interaction terms [12] : log = SP c + eE + sS + aA + bB + vV (2) where E, S, A, B, and V are the solute descriptors; and c, e, s, a, b, and v are the system constants. Briefly, E is the excess molar refraction (i.e., difference between the molar refraction of a particular solute and that of an alkane of equivalent volume) which models the dispersion force interactions arising from the greater polarizability of π and n electrons. S accounts for the solute dipolarity/polarizability due to interactions between dipoles and induced dipoles. A and B are the solute hydrogen-bond acidity and basicity descriptors, suggesting that the solute factors that influence the mass distribution ratio in MEEKC are in good agreement with those of the partition ratio between octanol and water.
As concluded from Eqs. (3) and (4), polar solutes with hydrogen-bond acceptor properties (B>0) have the tendency to partition into the aqueous phase (the negative coefficient reduces the log k and log P o/w values), whereas solutes with lone electron pairs (S>0) and high molecular volume (V>0) favor the oil phase (positive e and v coefficients, respectively). In contrast, the coefficient of hydrogen-bond acidity is close to zero and therefore it plays little role in the solute partition. In summary, the coefficients of both systems were similar and consequently the partition of solutes between the aqueous phase of the ME and its oil droplets (pseudo-stationary phase) was shown to be comparable to that between 1-octanol and water, meaning that the particular ME used in that study was a good model for the determination of lipophilicity.
MATERIALS AND METHODS

Instrumentation
A 3D CE Agilent (Waldbronn, Germany) instrument with UV detection and a 0-30 kV adjustable power supply was used in the present work. Polyimide coated capillaries of 50 μm id, 375 μm od (Polymicro Technologies, Phoenix, USA) of total lengths of 27, 37, and 57 cm were used depending on the ME employed. The cassette temperature was set to 25 o C (forced air), and injections were performed applying a pressure of 50 mbar for 5 to 10 s, depending on the capillary length. Positive polarities were used at neutral and basic pH values, and negative polarity at acidic pH. The applied voltages were selected for each ME composition and capillary length to be as high as possible but without a significant Joule effect (data not shown), in the range between 8 and 22 kV, in order to obtain typical current intensities of some 30 μA. External pressure up to 50 mbar was applied during the runs when necessary.
Capillary preconditioning was performed by BGE for 2 min, postconditioning by 1 M sodium hydroxide and water for 2 min each. Measurements were taken at least in duplicate. 
ME preparation
Aqueous buffers were prepared from phosphoric acid (Merck, 85%), sodium Both organic solvents were slowly added with a burette. At this point, the solution became white and turbid. Magnetic stirring was maintained for 5 minutes and then the ME was sonicated until it became clear again. Prolonged sonication can lead to progressive warming of the bath, which does not damage the ME. Finally the solution was left to stand at room temperature for at least 1 hour. Immediately before use as BGE, the ME was filtered using a 0.45 μm nylon syringe filter (Simplepure, Membrane-Solutions, USA).
If required, in order to increase the resolution for lipophilic solutes, the desired volume of ACN up to 10% (v/v) was mixed with the ME immediately prior to use and just before the filtering step. ME stock solutions were stored in the laboratory at room temperature and light protected; under these conditions the ME studied remained clear and usable for at least 4 months. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w The ME marker, dodecanophenone, was directly solved by sonication in the same ME composition with the BGE at a concentration of 0.1-0.5 mg/mL. Then the neutral marker (DMSO) was added, followed by the analytes from a stock solution solved in methanol (≥ 5 mg/mL) to a final concentration of 0.05-0.1% (v/v) and 0.1-0.5 mg/mL, respectively. It is convenient to limit the volume of methanol in the sample in order to avoid any destabilizing effect of the organic solvent and to minimize the differences between the sample and BGE compositions. Finally the samples were filtered prior to use.
Sample preparation
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The injected compounds (Table 1) were purchased from J.T. Baker, Carlo Erba, Fluka, Merck, Sigma-Aldrich, and Schuhardt; all of high purity grade.
RESULTS AND DISCUSSION
Effect of the ME composition on the system
In the present work, MEs prepared from different buffers representing a wide range of pH values (from 2.0 to 12.0), with different concentrations of surfactant (1.3% or 3.3%) and ACN (from 0 to 10%) were characterized using Abraham's solvation model (Eq. (2)). As the MEEKC approach requires the molecule in its neutral form, it is necessary to study the applicability of the method in a wide range of pH values. Acidic MEs are convenient for carboxylic and other acids with low pK a values; while high pH media are suitable for phenolic compounds and bases. Meanwhile, the surfactant concentration plays a key role in the stability of the ME and defines the instrumental separation conditions. Less of the anionic surfactant SDS reduces the ionic strength of the BGE and consequently a higher electric field can be applied, increasing the resolution and shortening the run times. In contrast, higher concentrations of SDS improve the ME stability and shorten the preparation time. This brings us to the question of whether variations in the surfactant concentration may affect the ME behavior for the determination of lipophilicity. Thus, in the present work, two different SDS concentrations (1.3% and 3.3%) were assayed at three pH values (7.4, 10.0, and 12.0).
Finally, the addition of an organic solvent such as ACN might increase the resolution in the analysis of lipophilic compounds, whose peaks might migrate very close to that of the ME marker. Therefore, the effect of ACN concentration on the ME system was examined at pH 10, through the addition of 5% and 10% (v/v) of this organic modifier.
The results obtained for all the systems studied are presented in Table 2 . In all cases, the molecular volume of the solute is the main property leading to a high affinity for the oil phase, since the v coefficients are the largest with positive signs. Therefore, the formation of a cavity to accommodate the solute in the oil droplet requires less energy than it does in the whereas interactions based on non-bonding solute electrons are favored in the oil phase. The a coefficients corresponding to the hydrogen-bond acidity of the solute are mainly negative, but in all cases with values very close to zero. This suggests that the hydrogen-bond acceptor properties of the oil and the aqueous phase are similar. Table 2 reveals that neither changes in the pH, concentration and nature of the aqueous buffer nor the addition of ACN significantly affect any of the system coefficients. Even the amount of surfactant has a very little effect on them, only affecting the c constant, which increases with increasing SDS concentration. This might be related to an increase in the phase ratio due to more ME droplets.
With the aim of comparing the different MEEKC systems assayed with the reference log P o/w (Eq. (4)), the d distance parameter was calculated [15] and is also presented in Table   2 . Briefly, if each system (Eq. (2)) is considered as a vector in a five-dimensional space, each 
It is convenient to normalize the system vectors because of the different magnitudes of log P o/w and log k MEEKC . In fact, for the solutes studied in this work, the log P o/w values were in the range -1 to 5; whereas in the case log k MEEKC , the values were between -1.5 and 2.5. Thus, d provides a mathematical measure of the similarity between two systems; the closer to 0 d is, the more similar the systems are. As shown in Table 2 , provided d is very close to 0 (d ≤ 0.16), it can be concluded that MEEKC systems are similar enough to the octanol/water system to be well and linearly correlated. In fact, Figure 1A confirms the correspondence between the normalized coefficients (e u , s u , a u , b u , and v u ) of all the ME compositions summarized in Table 2 , and the reference log P o/w , demonstrating graphically the similarity between the systems.
In a study conducted by Poole and coworkers [16] , several ME systems consisting of two different surfactants, SDS and sodium cholate (SC), at several pH values were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w characterized at 30ºC using a reduced version of Eq. (2) without the hydrogen-bond acidity term, which was considered not to be statistically significant. In the present work, the log k MEEKC data and molecular descriptors published in that paper have been fitted to Eq. (2), and the results are presented in Table 2 . In all cases, similar system coefficients and good correlations were obtained (R 2 >0.94). Only minor differences were observed for the system hydrogen-bond basicity coefficients (a; notice that this is the complementary property of the solute hydrogen-bond acidity) depending on the surfactant used. In the case of SDS, the coefficients were slightly negative, whereas for SC they were nearly zero. However, the selection of a different surfactant only has a moderate influence in the hydrogen-bond basicity of the system, which does not really increase the difference between MEEKC and the octanol/water systems, or significantly affect their normalized coefficients ( Figure 1B ). The comparison of the results obtained in this study with those compiled from Poole's work [16] at pH 7, 8, 9, and 12, demonstrates that the selected pH and surfactant concentration do not affect the system properties. In view of this and the benefits of a reduction in ionic strength,
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1.3% of SDS seems recommendable.
As a consequence of the similarity between octanol/water and MEEKC systems, assessed in the present work by means of Abraham's solvation model, linear correlations were observed for all the ME compositions studied, as shown in Figure 2 for some representative examples. 
Concluding remarks
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